The primary brain tumors associated with cerebral aneurysms are rare in neurosurgical practice. The present article constitutes an evaluation of the management of coexistent primary brain tumor and cerebral aneurysm. A retrospective study of three cases of primary brain tumor with cerebral aneurysm was performed. We evaluated the complications and clinic outcomes by assessing the clinical and imaging findings. Case 1 presented with a subarachnoid hemorrhage from an aneurysm of the anterior communicating artery, with an incidental left frontal oligodendroglioma. Case 2 presented with chronic headache due to left frontal convexity meningioma, with proximal internal carotid artery aneurysm which was found incidentally during preoperative magnetic resonance angiography. Case 3 was admitted to our hospital complaining of headache, memory disturbance, and weakness in her left lower extremity. Magnetic resonance imaging revealed right frontal lymphoma and an unruptured aneurysm at the left middle cerebral artery. Preoperative magnetic resonance imaging revealed right frontal lymphoma and unruptured left middle cerebral artery. The frequency of primary brain tumor and cerebral aneurysm coexistence is increasing due to improvements in high-resolution imaging. In these complicated cases, the management will differ according to each pathology present, and this is an important problem for a neurosurgeon.
InTRoduCTIon
Based on autopsy and angiography studies, the incidence of intracranial aneurysms are reported to range from 1-7% (20) . Using brain magnetic resonance (MR) imaging, it is estimated that the prevalence of asymptomatic cerebral aneurysm is 1.8% and the prevalence of asymptomatic primary brain tumor is 1.7% (33) . The incidence of the coexistence of primary brain tumor and cerebral aneurysm is approximately 1% (5, 12, 22, 32) . This incidence is not higher than that of incidental aneurysms or asymptomatic primary brain tumors but the prevalence of incidentally discovered primary brain tumor and cerebral aneurysm has increased by improvement of high-resolution imaging techniques. The true incidence may be higher as cerebral four vessel angiography, MR angiography, and 3D computed tomography (CT) angiography are not routinely performed for brain tumors.
A primary brain tumor associated with cerebral aneurysm is uncommon in practice. Despite the presence of basic principles for the clinical management of these pathologies, management is dependent on many factors such as the pathogenesis, the presenting pathology, the surgeons skills and preferences. In this paper we discuss the clinical management, etiology and treatment modalities based on literature in 3 cases of primary brain tumor and cerebral aneurysm co-existence.
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CASE REPoRT
Case 1: A 36-year-old man was admitted to our clinic with sudden onset of headache over the last few days. There was slight psychic slowness on neurological examination. Cranial CT showed subarachnoid hemorrhage (SAH) and a left frontal mass. The cranial MRI demonstrated massive SAH and a mass in the left frontal region (Figure1). The left frontal mass did not cause edema or shift. Spontaneous SAH may develop in primary brain tumors. The differential of whether the SAH was caused by the mass or the cerebral aneurysm had to be made and cerebral angiography was therefore performed. The four vessel cerebral angiography revealed an anterior communicating artery (AComA) (4.2x 2.9 mm) aneurysm. The clinical symptoms were attributed to the AComA aneurysm and a clipping procedure was performed. During the craniotomy, the frontal mass appeared resectable and therefore both pathologies were treated in the same session. Five days after admission, a left frontotemporal craniotomy was carried out. First, clipping of the AComA aneurysm via a left pterional approach was performed. Second, the left frontal mass was resected with same craniotomy at the same season. The histological examination of frontal mass revealed oligodendroglioma (WHO grade II). The patient has remained well, with no recurrence noted by MRI examination of the frontal mass for 22 months.
Case 2:
A 41-year-old female was admitted to our clinic with chronic headache. Cranial MRI showed a mass of the left frontal region with homogeneous enhancement after intravenous contrast and an internal carotid artery aneurysm ( Figure 2 ). Due to the presence of an aneurysm on MRI, the decision to perform an angiography was made. The fourvessel angiography showed an aneurysm of the cavernous segment of the internal carotid artery (Figure 3 ). The patient consented to tumor removal only. The asymptomatic intracavernous aneurysm was left untouched. The operation was performed a left frontal craniotomy. The dural origin of neoplasm was coagulated and the mass was removed. The histological examination showed a fibroblastic meningioma (WHO grade I). The patient tolerated the procedure well. At two years follow-up the patient was in excellent health.
Case 3:
A 67-year-old female was admitted to our hospital complaining headache, memory disturbance, and weakness in her left lower extremity. MRI showed a mass in the right frontal region, peripheral edema and midline shift, and a left middle cerebral artery (MCA) aneurysm (Figure 4) . MR angiography and cerebral angiography demonstrated an aneurysm at the junction of the left MCA. As the clinical findings were due to the right frontal mass, the MCA aneurysm was unruptured and the lesions were at a different region, a decision to first perform a tumor resection was made. The frontal mass was removed with a right frontal craniotomy. Histological examination of the mass found diffuse B-cell Non-Hodgkin lymphoma (NHL). Postoperative recovery was uneventful. The prognosis was unfavorable and the patient was scheduled for chemotherapy and radiation therapy. The A 47-year-old female was admitted to our clinic with chronic headache. Cranial MRI showed a mass of left frontal region with homogeneous enhancement after intravenous contrast.
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unruptured aneurysm was left untouched. Radiation therapy (41 Gy of 60Co) and adjuvant chemotherapy were started for the frontal mass. Long term survival was not expected due to the pathology of the resected tumor, and a second operation was therefore not performed in order to prevent complications related to aneurysm surgery. The patient died within 6 months.
dISCuSSIon
Cerebral aneurysm has been associated with a wide variety of tumor types, including meningioma (29.3-44%), glioma (27.5-38%), pituitary adenoma (11-20.6%), lymphoma, craniopharyngioma, chordoma, epidermoid tumor, dermoid tumor, and choroid plexus adenoma (10, 16, 22, 23, 25, 30) . Initial symptoms were caused by the tumor (54-78%) or by the rupture of the aneurysm (17-45%) (16, 22, 24) . Symptoms from both tumor and aneurysm were recorded in 6% of cases (16, 22) .
The association of brain tumors with cerebral aneurysms raises the question of whether a causal relationship exists. The relationship of tumor of aneurysm in all cases remains speculative. Several hypotheses have been proposed to explain the possible association of tumor with aneurysm. An increase in the directional blood flow due to a higher blood supply to a meningioma or malignant glioma may induce secondary changes in the arterial wall and thus facilitate the formation of aneurysms (8, 22) . The role of growth hormone in promoting vascular disease is directly as a predisposing factor for aneurysm formation (21, 22) . However, there are authors who state that hormones have no effect on the formation of aneurysms. (12, 21) . Intracranial tumor surgery may also cause traumatic aneurysms (9, 29) . In aneurysms that are within or adjacent to a brain tumor, the tumor invasion of the aneurysm wall point toward a causal relationship between the growth of the tumor and the development of the aneurysm (3, 17, 23) . Development of cerebral aneurysm by tumor invasion is linked to the histology of tumor (2) . Vessel wall invasion by tumor cells may occur in glial tumors, lymphomas, and pituitary tumors (2, 15, 17, 23) but vessel wall invasion by tumor cells is not reported in meningioma (28) . The inflammatory process in epidermoid and dermoid tumors leads to aneurysm formation (1) . Dysgenetic factors may underlie the development of multiple aneurysms in meningiomas and various congenital tumors (22) . There are also completely coincidental existing tumors and aneurysms in which none of these etiological factors can be found. In these cases the unruptured aneurysm was an incidental finding at cerebral angiography, MR angiography, and 3D computed tomography angiography performed for tumor documentation.
Coexistent primary central nervous system lymphoma (PCNSL) and cerebral aneurysm without phakomatoses or radiation therapy is very rare but has been described. We have identified 3 reported cases of coexistent PCNSL and cerebral aneurysm in the English literature (23, 25, 30) (Table  I) . Shigemori et al. reported lymphoma and meningioma with unruptured MCA aneurysm (25) . First, the resection of left frontal meningioma and clipping of the MCA aneurysm was performed. After two months, diffuse Burkitt-type lymphoma was found at the same site. Lymphoma may have resulted from the irritating effect of the first tumor in this case (25) but the association of the cerebral aneurysm was considered purely coincidental. Roitberg et al. reported a patient with Right frontal lymphoma association with unruptured left MCA aneurysm was considered purely coincidental. Only the mass was resected since the patient was consulted for the brain tumor, the MCA aneurysm was unruptured and the tumor and aneurysm were in different regions. Long term survival was not expected due to the pathology of the resected tumor, therefore a second operation was not performed in order to prevent complications related to aneurysm surgery.
Coexistent glial tumor (glioblastoma, anaplastic astrocytoma) and cerebral aneurysms are common but associated cranial oligodendroglioma and cerebral aneurysms are rare (22, 18) . Coexistent gliomas and cerebral aneurysms are generally located in the same region (3, 4) . In the case that the tumor and aneurysm are in the same region, histopathological examination for infiltration of the aneurysm wall from neoplastic cells has been demonstrated (3, 4,7) but a rapid growth of the tumor does not give enough time to produce mechanisms which could lead to the formation of an aneurysm (5). Intracerebral or intracerebellar, intratumoral, subdural, subarachnoid hemorrhage may occur in primary brain tumors (13) . Spontaneous cranial hemorrhage has been reported in high grade glial tumors and generally an intratumoral or intracerebral/intracerebellar hemorrhage occurs in glial tumors (13) . Spontaneous SAH is not common in high grade glial tumors. Aneurysms in patients with glial masses must therefore be investigated if spontaneous SAH occurs. Our case presented with SAH and the mass diagnosed incidentally. The decision was made to perform a cerebral angiography to determine if the bleeding was due to a ruptured aneurysm or from the frontal mass. The angiography revealed a AComA aneurysm. The AComA aneurysm was clipped first. Secondly, the frontal mass was resected by the same craniotomy at same session. The association of the AComA aneurysm with frontal mass was considered purely coincidental in our case.
The most frequent intracranial tumor associated with aneurysm is the meningioma (29.3%) (8) . Multiple aneurysms seem to be higher in meningiomas (26) . Meningioma and aneurysms are reported to be observed on the same side in 80% of patients (24) . The artery most commonly involved by aneurysms with convexity meningiomas is the MCA. There is a predominance of ICA and ACoA aneurysms in anterior fossa meningiomas (8, 22, 24) . A local circulatory change due to the presence of the tumor may be responsible of the aneurysmal growth as in the association ICA-ACA aneurysms and basal meningiomas (22) . Aneurysm may locate on the artery feeding the meningioma (19, 27) In our case, the frontal mass was removed and the asymptomatic intracavernous aneurysm was left untouched. The frontal meningioma association with intracavernous fusiform aneurysm was considered purely coincidental.
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Treatment decisions have been made according to the symptoms produced by the lesion, the locations of tumor and aneurysm, and the nature of the neoplasm (benign or malignant) (16) . Surgical treatment was undertaken in 72% of all cases (16) . The treatment options of an aneurysm with primary brain tumor include conservative management (if unruptured), surgical clipping of the aneurysm and excision of the tumor either simultaneously or sequentially, or endovascular coiling of the aneurysm followed by surgical excision of the tumor (3, 6, 11, 22, 24) . Clipping for ruptured cerebral aneurysm and resection of the brain tumor is the best treatment option. The aneurysm and the tumor have been discovered at the same time. The tumor was so near to the aneurysm that the same craniotomy could be employed for the approach to both lesions (16, 25) . The lesion producing the presenting symptoms should be treated first when a single approach to both is unfeasible (33) .
When the treatment and natural course of unruptured aneurysms (without primary brain tumor) is investigated, around 30% of patients do not require surgical treatment (31) . In patients where surgical treatment is not performed, the rate of rupture is around 3.42%/year (31) . In patients who have surgery, the mortality rate is 3.1% (31) . When these figures are considered, decisions regarding exclusion of an incidental aneurysms should be balanced against the risks of the procedure (16) . The incidental aneurysm may be managed conservatively in patients with co-incidental tumor and aneurysm if it is not in the field of surgery for the tumor (22) . The presence of an incidental aneurysm close to or embedded within the tumor makes the surgical excision of the tumor hazardous (11) . Resection of the tumor can be performed following endovascular Guglielmi detachable coil embolization of the aneurysms (11) . The reason to coil the aneurysm is to avoid the risk of intraoperative rupture and to enable total tumor removal (11). Our opinion is that it is unnecessary to operate incidental aneurysm with a different craniotomy in the patient with high grade glial tumor or PCNSL. In patients with very little long term survival, it is better to protect the patient from surgical complications and not perform surgery on the aneurysm.
The prognosis was linked mainly to the nature of the tumor with unruptured aneurysms (benign, malignant), and to the evolution of SAH in patients with ruptured aneurysms (16) . Death occurred mainly due to progressive evolution of the malignant tumor (46%) or fatal aneurysmal bleeding (23%) (20) . The localization and the pathological nature of the tumor are the most important prognostic factors (28) . Association of both lesions did not worsen the outcome (16) .
The brain tumor association of cerebral aneurysm in our cases was considered purely coincidental. There was no direct contact between the tumors and the aneurysm, and no increased blood supply from the cerebral artery to the tumors was found by preoperative angiography. In our three cases the tumors were resected, and ruptured aneurysm clipping was managed conservatively for the unruptured aneurysms localized differently from the tumor.
ConCLuSIon
The prevalence of incidentally discovered brain tumor and cerebral aneurysm have been increased by the improvement of high-resolution imaging techniques. The use of additional advanced imaging, such as 3D CT angiography, MR angiography, and cerebral angiography, for screening patients is likely necessary. Adequate knowledge of this association is a precondition to plan the correct surgical approach of these cases and avoid life-threatening complications. The tumor pathology is the primary guide for treatment. Treatment of the co-incidental aneurysm depends on whether it has ruptured, its location with respect to the tumor and the surgeons preferences. Based on previously reported cases and those we present, treatment must be made on a case to case basis, with the tumor pathology being the main guide.
